We assessed whether fasting modifies the prognostic value of these measurements for the risk of myocardial infarction (MI). Analyses used mixed effect models and Poisson regression. After confounders were controlled for, fasting triglyceride levels were, on average, 0.122 mmol/L lower than nonfasting levels. Each 2-fold increase in the latest triglyceride level was associated with a 38% increase in MI risk (relative rate, 1.38; 95% confidence interval, 1.26-1.51); fasting status did not modify this association. Our results suggest that it may not be necessary to restrict analyses to fasting measurements when considering MI risk.
Although combination antiretroviral therapy is effective for the treatment of human immunodeficiency virus (HIV)-positive individuals, side effects, including elevated triglyceride levels, are common [1] . Although some studies have demonstrated that raised triglyceride levels may be an independent risk factor for cardiovascular disease (CVD) in the general population [2, 3] , a recent large study found that triglyceride levels were not independently associated with the risk of CVD after controlling for other lipid measurements [4] .
Although several studies have investigated whether the fasting status of the patient at the time of triglyceride levels are measured has an impact on their interpretation [5] [6] [7] [8] [9] [10] , this issue has not been adequately addressed in the HIV-positive population.
The aims of this study were to describe the effect of fasting status on triglyceride levels in a large study of HIV-positive individuals, and to assess whether fasting status modifies the prognostic value of triglycerides for the risk of myocardial infarction (MI).
METHODS

Study Population
The Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study is a prospective, observational study formed by the collaboration of 11 existing cohorts of HIV-positive persons. The data set used for the present analysis includes data on 33,308 individuals seen at 212 clinics in Europe, Australia, and the United States. Informed consents were obtained from all patients included in the study. The D:A:D study methodology has been described in detail elsewhere [11] .
Data Collection
Patients are followed up prospectively during visits to outpatient clinics scheduled as part of regular medical care, with information collected on family history of coronary heart disease, prior history of CVD and diabetes mellitus, cigarette smoking, blood pressure, lipid-lowering and antihypertensive therapy, clinical signs of lipodystrophy, and serum lipid levels (total cholesterol, high-density lipoprotein cholesterol, triglyceride), as well as HIV-related information (antiretroviral therapy, CD4 cell counts, HIV viral loads, and dates of diagnoses of all AIDSdefining diseases). All study end points (including incident cases of MI) are reported to the coordinating office for validation and coding, as described in earlier reports [11] . The present analyses were performed on the data set merged in July 2008.
Statistical Methods
Impact of Fasting Status on Triglyceride Levels. Mixed effect models (SAS PROC MIXED), with an unstructured variancecovariance matrix, were used to describe the independent association of fasting status (fasting, nonfasting, or unknown) on triglyceride levels after controlling for potential confounders. Factors considered were sex, age, ethnicity, body mass index, smoking status, family history of CVD, previous CVD, diabetes mellitus, hypertension (systolic blood pressure, $150 mm Hg; diastolic blood pressure, $100 mm Hg; receipt of angiotensinconverting enzyme inhibitors or antihypertensive drugs), use of lipid-lowering drugs, hepatitis C virus serostatus, and calendar year. Of note, our aim was not to assess correlations with other lipid measurements, and thus these analyses did not incorporate the individual's total or high-density lipoprotein cholesterol measurement. The analyses were repeated after log transformation of the triglyceride level; because the conclusions were unchanged, only the untransformed results are shown.
Triglyceride Levels and Fasting Status in Predicting MI. Using methods reported elsewhere [11] , patients were followed up from the time of study entry until the first MI during prospective follow-up, date of death, 6 months after the last clinic visit, or 1 February 2008. Each patient's follow-up was split into a series of consecutive 1-month periods, and his or her covariate data were updated at the start of each month. Initial exploratory analyses stratified follow-up (and any events that occurred) into quintiles defined by both the latest triglyceride level and the fasting status of the measurement, and event rates were calculated for each stratum. Poisson regression models (SAS PROC GENMOD) were used to describe the association between the latest triglyceride level and risk of MI, with levels incorporated as a log 2 -transformed time-updated covariate; thus, relative hazards for triglyceride levels relate to a 2-fold increment (ie, a doubling) in the latest triglyceride level. We investigated whether the association between the triglyceride level and MI risk was modified by fasting status by incorporating interaction terms into the model. The analyses were then repeated after adjusting for the potential confounders listed previously. Of note, there was no evidence of overdispersion in the Poisson models.
RESULTS
Characteristics of Patients and Distribution of Triglyceride Levels at Study Entry
At study entry, triglyceride measurements were available for 27,646 (83.0%) of the 33,308 patients (7072 fasting, 4403 nonfasting, 16,171 in an unknown fasting state). Most participants were of white ethnicity (56.1%), male (74.5%), did not have AIDS (74.0%), were antiretroviral-experienced (77.8%) and were not receiving lipid-lowering therapy (95.3%) at study entry. The median triglyceride level at study entry was 1.60 mmol/L (interquartile range [IQR], 1.04-2.62); levels were higher when triglycerides were measured in a nonfasting state (1.66 mmol/L; IQR, 1.07-2.70) than in a fasting state (1.47 mmol/L; IQR, 1.00-2.33) state, and levels measured in an unknown state were similar (1.66 mmol/L; IQR, 1.06-2.80) to those measured in a nonfasting state.
Associations Between Triglyceride Levels and Demographic, CVD, and HIV Infection Characteristics
Patients were followed up for a median of 7.1 years (IQR, 5.3-7.7 years; total follow-up, 180,176 person-years). Including the baseline measurement, a total of 405,756 triglyceride measurements were available from 30,669 individuals (median per patient, 12; IQR, 7-17). Differences between triglyceride measurements by fasting status were similar to those at study entry (Table 1) .
In exploratory analyses, nonfasting levels were generally higher than fasting levels regardless of stratifying factor (Table 1) . Median triglyceride levels were higher in men, increased with age, lower in those of black ethnicity, higher in those with higher body mass index, and higher in those with a previous CVD event, diabetes mellitus, hypertension, and in those receiving lipid-lowering drugs. In addition, median triglyceride levels were also higher in those who acquired HIV infection through sex between men, and in current and former smokers. Triglyceride levels, however, were lower in those coinfected with hepatitis C virus.
In mixed models adjusted for the factors listed above, fasting triglyceride levels were, on average, 0.122 mmol/L lower than nonfasting triglyceride levels (95% confidence interval [CI], .094-.149 mmol/L; P , .001), with triglyceride levels measured in an unknown fasting state being, on average, 0.041 mmol/L lower than those measured in a nonfasting state (95% CI, .008-.073 mmol/L; P 5 .02).
Impact of Fasting Status on Prognostic Value of Triglyceride Levels for MI Risk
Over a total of 178,836 person-years, 580 patients experienced an MI (rate, 3.2/1000 person-years; 95% CI 3.0-3.5). The risk of MI increased in those with higher triglyceride levels, regardless of fasting status. The risk of MI at a given triglyceride level was higher when measured in a nonfasting or unknown state than when measured after fasting (Figure 1) .
In univariable analyses, each doubling in the latest triglyceride level was associated with a 67% increase in the risk of MI (relative rate [RR], 1.67; 95% CI, 1.54-1.80; P , .001). When fasting and nonfasting levels were considered separately, the increased risks were 74% and 70%, respectively (RR for fasting values, 1.74; 95% CI, 1.50-2.03 [P , .001]; RR for nonfasting values, 1.70; 95% CI, 1.40-2.06 [ P , .001]). A formal test of interaction suggested that the difference between these values was nonsignificant (P 5 .83). After adjustment for potential confounders, the RR associated with triglyceride levels was reduced, both overall (1.38; 95% CI, 1.26-1.51; P , .001) and when fasting (1.37; 95% CI, 1.15-1.63; P , .001) and nonfasting (1.46; 95% CI, 1.17-1.82; P , .001) levels were considered separately, with a similar lack of evidence for an interaction between fasting status and triglyceride levels (P 5 .88).
DISCUSSION
On average, triglyceride levels are lower when measured in a fasting rather than a nonfasting state, even after controlling for factors thought to have an impact on triglyceride levels. Although the association between triglyceride levels and MI risk was slightly lower when triglyceride levels were measured in a fasting state (37% increased risk of MI per doubling) than in a nonfasting state (46% increased risk), there was no evidence of a significant interaction between fasting status and triglyceride levels. Thus, it is possible that this difference is simply a chance finding. Our results suggest that, at least within a cohort setting such as this, in which the timing of triglyceride measurement may vary from individual to individual, it may not be necessary to restrict analyses to triglyceride measurements that are only taken in a fasting (or nonfasting) state when considering the risk of MI. However, in absolute terms the triglyceride levels were low regardless of fasting status. Furthermore, our findings may not be generalizable to settings where triglyceride measurements are taken at more regular times, such as just after a meal, where fasting status may have a greater impact on overall results. Elevated triglyceride levels have a substantial effect on lipoprotein metabolism, which explains much of the controversy about the role of serum triglyceride as a risk factor for CHD [12] . Postprandial lipids may play a more important role in the pathogenesis of CVD-in particular early atherosclerosis-than fasting lipids, because postprandial lipoproteins, including the triglyceride-rich ones, can penetrate the endothelial cell layer, where they can contribute to the formation of foam cells [13] . It has been suggested that HIV-positive patients have delayed triglyceride clearance [14] , which may prolong the postprandial phase, leading to an accumulation of atherogenic particles [15] .
Several studies have considered whether the fasting status of the patient when triglyceride levels are measured has an impact on the interpretation of the measurements. Some literature reviews of triglyceride as a vascular risk factor concluded that the evidence supports a potential role for both fasting and nonfasting triglycerides [5] , although others [6] [7] [8] have concluded that nonfasting triglyceride may replace fasting triglyceride in assessing CVD risk factors.
Recent publications recommend nonfasting triglyceride measurements over fasting triglyceride measurements for predicting CVD risk [9, 10] . These studies may suffer from bias, however, if fasting samples are selectively collected in specific patient groups whose CVD risk differs from that of patients whose triglyceride measurements are taken in a nonfasting state. In exploratory analyses of cohorts in the D:A:D study, we found that the tendency to measure triglyceride levels in a fasting state varied from cohort to cohort, as did the factors that were associated with measurement of triglyceride in a fasting status.
Our data set has some additional limitations, notably the fact that the study does not specify a particular method or assay for measurement of triglyceride, and no standardized meal requirements are specified. Some of the triglyceride levels reported as fasting may have been misclassified; interestingly, triglyceride levels measured in an unknown fasting state were slightly lower than those measured in a nonfasting state, suggesting that some of these measurements may actually have been taken after fasting, possibly explaining why levels did not differ greatly from those known to be measured in a nonfasting state. Despite having an impact on the absolute triglyceride level, however, the clinical impact of fasting status on predictions of the risk of MI was minimal.
In conclusion, although fasting triglyceride levels were lower than nonfasting levels, nonfasting triglyceride levels gave a similar indication of the risk of MI as fasting levels among HIVpositive individuals in the D:A:D study. Our results suggest that it is not necessary to take account of fasting status when considering the risk of MI in an individual, emphasizing the importance of considering all triglyceride measurements (whether fasting or nonfasting) in analyses of this risk.
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